HORSESICKNESS FEVER -This form of disease is associated with a mild fever that may 105 be subclinical and is seen only in reservoir species and partially immune horses [3; 26]. 106 107 DIAGNOSIS 108
109
In disease-free countries any suspected cases of AHS must be reported to the State 110 Veterinary Service and is subject to laboratory confirmation [4] . Virus isolation is 111 considered the gold standard for diagnosis, however the World Organisation for Animal 112 Health (OIE) accepts molecular evidence of viral presence by polymerase chain reaction 113 (PCR) and serological evidence of infection via enzyme-linked immunosorbant assays 114 (ELISAs) [27] . Viral isolation is performed by inoculation of various cell cultures or mice 115 cerebral tissue and the process can take several days, which impedes the control of 116 disease outbreak [4] . The use of serology for initial diagnosis in an outbreak situation is 117 limited by the rapid mortality associated with AHS. Historically though, serological 118 testing by complement fixation, virus neutralisation and enzyme-linked immunosorbant 119 assay has been the gold standard for identification of AHSV serotypes [28] [29] [30] [31] [32] . 120
Unfortunately these methods are difficult and time consuming, requiring either virus 121 isolation or access to reagents that may pose a potential biosecurity risk. Several PCR 122 tests have demonstrated rapid, sensitive and reliable detection of AHSV genetic material 123 in infected blood, tissue samples, homogenised Culicoides, and tissue culture 124 supernatant and these would be essential during a disease outbreak [33] [34] [35] . Not all of 125 the PCR methods available have currently been validated by the OIE. 126 127 Recently, type-specific PCR assays for the identification of individual AHSV serotypes 128 have been described, which would be potentially useful for guiding appropriate 129 vaccination and control strategies, as well as for the declaration of disease-free status 130 after an outbreak [36] . Serological testing to use in combination with DIVA vaccines 131 (differentiating infected from vaccinated animals) is also currently under evaluation. 132 133 THE ROLE OF RESERVOIR MAMMALIAN SPECIES 134 135 No equids that recover from AHS remain as long-term carriers of the virus. The term 136 'reservoir' refers to the fact that the low mortality rate and prolonged viraemia 137 associated with AHSV infection in these equid species allows the establishment of 138 continuous cycling of the virus [3; 26] . This is key to the ability of AHSV to persist 139 within endemic areas. In areas where the virus is non-endemic, it must be reintroduced 140 (either within Culicoides or equids) at the start of each outbreak. 141 142 Zebra are an important reservoir host for AHSV and their role in maintaining the disease 143 in South Africa has been well documented [26] . The ability of certain AHSV serotypes to 144 persist intermittently in West Africa and Spain, where there are no zebra herds, suggests 145 that other mammalian species may play a role. Donkeys almost certainly act as reservoir 146 hosts, particularly in northern parts of Africa, and have been shown to become viraemic 147 following inoculation with virulent AHSV strains in the absence of clinical signs [37] . 148 149 For AHSV to persist in an area there must be a sufficient density of reservoir hosts for 150 continual cycling of the virus, which relies on both climatic and geographic factors [26; 151 38]. While the minimum size of a reservoir herd is unknown, the incidence of AHSV is 152 much lower in areas of South Africa where zebra herd sizes are less than 100 [26] . It is 153 interesting to note that there were approximately 300 zebra and 10,000 donkeys in the 154 Remarkably, transmission between live equid hosts has still not been demonstrated for 192 any Culicoides species. Epidemiological studies have added some evidence to support 193 this theory by demonstrating spatial and temporal associations between the abundance 194 of C. imicola (as caught by light traps) and the incidence of AHS in Spain, Portugal, 195 Morocco and South Africa there is very little empirical evidence available to support this theory. In a single study, 282 AHSV was isolated from mixed pools of Culicoides in Spain that did not contain any 283 known vector species, but did contain mainly C. pulicaris and C. obsoletus [78] . It was 284 also suspected that C. obsoletus played a role in AHSV transmission in parts of Morocco 285 [45] . While this is only very poor quality evidence, more convincing data can only be 286 Table 1 ) it is clear that there is a 311 dearth of basic research on the vector competence of many Culicoides species for AHSV. 312
This has led to a reliance on BTV vector knowledge as a reference for AHSV and greater 313 research effort is thus urgently required. In summary, it is possible that the appropriate 314
Culicoides species and climatic conditions to support an outbreak of AHS are currently 315 present in many AHS-free countries, although more research is urgently required. 
-REVERSION TO VIRULENCE OF VACCINE STRAINS 371 372
There is concern that AHSV could be introduced to a disease-free region by reversion to 373 virulence of attenuated vaccine strains. There is a theoretical risk that horses vaccinated 374 with live-attenuated vaccine may be imported into AHS-free regions and pose a risk via 375 vaccine-induced viraemia, although quarantine requirements should preclude this risk. 376
Recently an AHSV strain circulating in The Gambia was thought highly likely to have 377 been derived from a live-attenuated AHSV-9 vaccine strain whereabouts of equids is not currently available throughout most AHS-free countries 417 [101] [102] [103] 
. A new central equine database is being introduced within the European 418
Union in 2016; however there are currently no requirements to record transport of 419 horses within most EU countries and modelling horse movements between countries is 420 very challenging [101] . The USA has developed the National Animal Identification 421 Scheme (NAIS), with the aim of recording all animal identities, premises locations and 422 animal movements. Unfortunately, the scheme has been met with resistance and does 423 not appear to be an active program [104] . A survey conducted in the USA in 2009 424 revealed that only 47% of questioned equine veterinarians were in favour of the NAIS 425 (although the remaining 53% were almost entirely neutral with only 3.6% opposed to 426 the scheme) and this was considered very disappointing as 81.6% of the respondents 427 did not have a plan to deal with clients' horses during a disaster [105] . In much of 428
Australia, property identification codes should be registered for equine premises, 429 however there is no national movement database. and AHSV-9 were omitted due to safety concerns and regional low prevalence, 437 respectively. In-vivo cross-protection between AHSV-6 and AHSV-9 and between AHSV-438 5 and AHSV-8 has been demonstrated in horses [106] . cause for concern and suggested European Union vaccine banks have yet to be approved 451 [87] . In addition, the number and feasibility of vaccinations to be effective must be 452 considered; a recent UK-based study predicted that 85% uptake would be required 453 [102] . Switzerland [120] . Use of insecticide-impregnated mesh rather than plain gauze is also 490 likely to further reduce the entry of midges into animal housing and thereby reduce the 491 midge attack and biting rate [119; 121; 122] . Insect blankets with both neck and hood 492 covers have been shown to limit the feeding rate of Culicoides on horses in The 493
Netherlands, and the authors of this study suggested that this might be helpful to protect 494 horses from bites of AHS-infected Culicoides [123] . 495
496
The most effective time periods during the day to use protective measures must also be 497 considered. As Culicoides are crepuscular, with peak activity at dawn and dusk, it is 498 recommended that any protective effects are focused at this time [114; 124] . 499
Unfortunately, many Culicoides species have been shown to feed during the day, 500 potentially making this recommendation unsuitable for completely effective disease 501 control [14; 52; 125]. 502
503
The UK AHS regulations advise that deltamethrin is the most effective insecticidal 504 product to use against Culicoides, although they emphasise that it is not licensed in the 505 horse nor specifically against midges in any species [21] . The application of permethrin to horses with IBH significantly improved clinical signs in 86% of 43 horses [126] . 507
Other studies in horses do not support the use of topical deltamethrin or permethrin 508 solution as a repellent to prevent Culicoides from biting horses [127; 128] . However, 509 these studies did not investigate the possible insecticidal effects of deltamethrin in 510 reducing onward transmission of disease from viraemic horses or the numbers of adult 511
Culicoides within an area. This emphasises the important and often poorly defined 512 distinction between insecticides and repellents [127] . Possibly the most direct 513 indication of the effects of the permethrins on the transmission of arboviral disease is a 514 field study conducted in cattle. This study demonstrated that 2-weekly application of 515 topical permethrin did not reduce exposure to BTV as measured by serology [129] . 516
Injectable avermectins are used to control ectoparasites in many species, including the 517 horse. Unfortunately their efficacy against different Culicoides species varies 518 significantly, with near toxic doses required in some cases and there is no data available 519 on their efficacy against European Culicoides species [117] . 520 521 N,N-diethyl-3-methylbenzamide (DEET) has been shown to reduce the biting rate of C. 522 impunctatus in humans [130] . The application of 15% DEET impregnated mesh to 523 vacuum light traps has been shown to significantly reduce Culicoides catches when 524 compared to untreated mesh [131] . Unfortunately, there is in vivo evidence of adverse 525 effects (including hypersteatosis and dermatosis) occurring in horses when DEET is 526 applied topically at concentrations greater than 15%, although many were only mild 527 [132] . Recent work has demonstrated that a combination of DEET and plant-derived 528 organic fatty acids may provide an effective and long-lasting repellent effect against 529
Culicoides [133] . Citronella oil, while known to be an effective mosquito repellent, has 530 been repeatedly shown to have either no repellent effect or potentially an attractant 531 effect on Culicoides [131; 134] . 532
533
Other control methods, such as the use of chemo-attractants to bait traps have been 534 trialled in Scotland based on knowledge of host-location for C. impunctatus [135] . The 535 host kairomones carbon dioxide and 1-octen-3-ol have been shown to attract Culicoides 536 in the UK, although effective use as a control method is not yet possible [136] . In 537
Scotland it is thought to be impractical to apply insecticides or undertake habitat 538 manipulation on sufficient scale to effectively control midges [137] . Certainly it appears 539 unlikely that the large-scale coordinated effort required to manipulate the habitat could 540 take place in time to help control an outbreak and environmental regulations prohibit 541 the use of many insecticides. The covering of muck heaps on farms, which has been 542 suggested as a smaller scale method of habitat manipulation, has been shown not to 543 affect Culicoides abundance and is therefore unlikely to be an effective method of 544 controlling arboviral disease [138] . 545 546 CONCLUSIONS 547
548
In summary, climate change and globalisation have resulted in a myriad of factors that 549 increase the risk of AHS to many parts of the world. There is extensive evidence that 550 many AHS-free regions now have the conditions required to allow an AHS epizootic to 551 occur and the introduction of AHSV-infected equines or Culicoides could produce 552 extensive and persistent epidemics [16] . An outbreak of AHS in any disease-free region 553 would have catastrophic effects on equine welfare and industry. The OIE regulations for 554 disease-free countries are extensive and major stakeholders adhere stringently to these 555 requirements, making the risk of AHS entry via a legally transported horse very low. 556
Indeed, AHS is listed amongst six diseases for which the OIE requires additional 557 mitigation measures in high health high performance (HHP) horses, despite these 558 animals already being managed within systems that prioritise horse health, biosecurity 559 and disease control. It is essential that international equid transport remains closely 560 monitored and illegal movement is prevented. Veterinary surgeons attending cases 561 with clinical findings consistent with AHS, in particular in any equids that have travelled 562 or are housed with equids that have travelled, must remain vigilant to the possibility of 563 the disease occurring in areas currently considered disease-free. 
